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Palladium(II)-mediated cyclization–carbonylation of 4-yn-1-ones:
facile access to 2-cyclopentenone carboxylates
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Abstract—The oxidative cyclization–carbonylation of 4-yn-1-ones 6 in the presence of (CH3CN)2PdCl2/p-benzoquinone in
methanol under a carbon monoxide atmosphere (balloon) afforded cyclic-ketals 7 in good to moderate yields. The product 7 were
easily converted into 2-cyclopentenone carboxylates 11 and 12. © 2002 Elsevier Science Ltd. All rights reserved.

Palladium(II)-catalyzed reactions are fundamentally
important in organic transformations.1 Carbonylation
of alkynes mediated by palladium is a useful method
for the synthesis of acetylene carboxylates,2 �-lactones,3

and benzofurans.4 Compared with the impressive evolu-
tion of palladium(II)-catalyzed carbonylations of
alkynyl alcohols,3–5 that of alkynyl ketones has received
only scant attention. Recently, Yamamoto et al.6

reported a palladium(II)-catalyzed cyclization of
alkynyl aldehydes 1 via the hemiacetal intermediate A
(Scheme 1 (a)). On the other hand, Utimoto et al.7

reported regioselective hydration of alkynyl ketones 4
controlled by neighboring group participation of the
carbonyl group depicted as intermediate B in Scheme 1
(b). To the best of our knowledge, previous work on
palladium-catalyzed cyclization–carbonylation of �,�-
unsaturated ketones has been limited to the reaction of
alkenyl ketones.8 Recently, Marshall et al. have
reported that Pd(II)/p-benzoquinone catalyzed alkoxy-
carbonylation of �-alkynyl alcohols to afford methyl
pyranosides.5e In addition, we have also reported the
oxidative cyclization–carbonylation of 4-yn-1-ols using

the same catalytic system for the synthesis of (E)-cyclic-
�-alkoxyacrylates,5f its application to the total synthesis
of antibiotic natural products,5g and the first asymmet-
ric version of this type of reaction.5h Now we wish to
report here the cyclization–carbonylation of 4-yn-1-
ones 6 mediated by palladium(II) and a facile access to
2-cyclopentenone carboxylates (Scheme 2).

The reaction of 5-yn-2-one 6a bearing a quaternary
carbon at the �-position in the presence of
(CH3CN)2PdCl29/p-benzoquinone in methanol at room
temperature under a carbon monoxide atmosphere
(balloon) afforded cyclic-ketals 7a in 82% yield as a
single diastereomer (entry 1, Table 1).10 In the case of
6b and 6c, the products 7b and 7c were obtained as a 3:
1 and 1:1 diastereomeric mixture, respectively (entries 2
and 3). The six-membered ring substrates 6d and 6e
possessing a quaternary carbon at the �-position
afforded 7d and 7e as a single diastereomer together
with methoxy acrylates 8d and 8e, respectively (entries 4
and 5). The use of a five-membered ring substrate 6f
and cyclohexanecarboxylate 6g gave the starting mate-

Scheme 1.
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Scheme 2.

Table 1. Cyclization–carbonylation of 4-yn-1-ones 6

Entry ConditionsSubstrate Products (yield %)

0°C–rt, 1 h 7a (82)1 6a
0°C–rt, 1 h6b 7b (51)a2

6c3 0°C–rt, 0.5 h 7c (95)b

0°C–rt, 1 h4 7d (64), 8d (16)6d
0°C–rt, 1 h6e 7e (70), 8d (20)5

6f6 0°C–rt, 7 h Recovered
6g7 0°C–rt, 3 h Recovered

a The product 7b was obtained as a 3:1 diastereomeric mixture.
b The product 7c was obtained as a 1:1 diastereomeric mixture.

rials. Acid treatment of the products 7a and 7d afforded
2-cyclopentenone carboxylates 11 and 12 in moderate
yield (Scheme 3). These reactions presented a facile
method for the synthesis of 2-cyclopentenone carboxy-
lates, being a useful intermediate of natural products.
The stereochemistry of 7a, 7d and 7e was confirmed by
NOE experiment after conversion into diols 9 and 10
by reduction with DIBAL-H as depicted in Fig. 1.

A conceivable mechanism of the present reaction would
be proposed as shown in Scheme 4 on the basis of the
following experimental results. (1) The reactions of 6f
and 6g did not proceed as mentioned above, which
suggested that the presence of neighboring group par-
ticipation of the carbonyl group is indispensable for
initiating the reaction. (2) In the case of 6a, 6d and 6e
bearing a quaternary carbon at the �-position, the
products 7a, 7d and 7e were obtained as single
diastereomers. These results suggested the formation of
a cyclic intermediate C (Scheme 4). The coordination of
the alkyne to Pd(II) could be induced by attack of
carbonyl oxygen to alkyne from the side opposite the
palladium to produce the cyclic intermediate C. A
nucleophilic attack of MeOH on the carbon atom of
the cationic carbonyl group from the side opposite the
methyl ester group, followed by CO insertion and sub-

sequent reaction with MeOH, provided the acetal prod-
ucts 7d (path a). On the other hand, the
methoxyacrylate 8d would be produced by the attack of
MeOH to the olefinic carbon of vinyl palladium inter-
mediate C followed by CO insertion and subsequent
reaction with MeOH (path b).11

Scheme 3.

Figure 1.
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Scheme 4.

In summary, we have presented new type cyclization–
carbonylation of 4-yn-1-ones 6 using a Pd(II)/p-benzo-
quinone catalytic system under mild conditions. The
present reaction is considered to be efficient for the
synthesis of 2-cyclopentenone carboxylates.
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